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PURPOSE: An anode active material for a 
secondary lithium cell is provided to be capable 
of considerably improving high-capacity, long lift 
time and stability properties. CONSTITUTION: An ' 
anode active material for a secondary lithium cell * < 
is a chemical compound selected from a group 
of following chemical equations, and the surface 
of the selected chemical compound is coated by 
a metal oxide. A part of the chemical 
compounds for the anode active material ' are 
LiMnl -xMxA2, LixMnl -xMxA2, LiMnl -xMx02- 

zAz, LixMnl -xMx02-zAz, LiMnl -x-yMxMyA2, and LixMnl -x-yMxMyA2, the other part of the chemical 
compounds for the anode active material LiMn2-xMxA4, LixMn2-xMxA4, LiMn2-xMx04-zAz, LixMn2- 
xMx04-zAz, LixMn2-x-yMxMyA2, LixMn2-x-yMxMyA4 . 
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o| #e 



(54) BJ# 0|*h S#S a| a o) 



all o\x[ __-_o|| %°2.M, o| _>= 2 a oil ysff-goi __£|oj at_.o1, sp| £^ 

12S o|JfcH_ SoflAi Aje|2|fe ^a»o|cf. 

[_fSH 1]LiMn 1 _ x M' x A 2 l a W*l 2]Li x Mn 1 _ x M' x A 2 [SfSfi| 3]LiMn 1 _ x M' x 0 2 _ z A z [St«t±l 4]Li x Mn 1 _ x M , x 0 2 _ z A z [St«|-±l 5 
LiMn 1 _ x _ y M' x M" y A 2 l4|-8|--iJ 6)Li x Mn 1 _ x _ y M' x M" y A 2 [21S|-±l 7]LiMn 2 _ x M' x A 4 [sm±J 8]Li x Mn 2 _ x M' x 0 4 [£1SM 9]LiMn 2 _ 
x M' x 0 4 _ 2 A z [Sf«f*l 10)Li x Mn 2 . x M' x O 4 _ z A z [^^ 11 ]LiMn 2 _ x _ y M , x M , y A 4 [^«|-*l 12]Li x Mn 2 _ x _ y M' x M" y A 4 (£PI M°iM 
0.01 Sx< 0.10, 0.01 £ y £ 0.1. 0.01 < z < 0.5O|tH, M'_ Si, B, Ti, Ga, Ge 3! AIS. o|^CH_ 5o||A| sK 
__| =^o|dJ. M"S Al, Cr, Co, Mg, La, Ce. Sr Si VS 0|^Ol_ ^o\\M id§j£|fc _0| S&ir _^mo| = _^ _• 5 
£ *m o|moj g^o|n, At O, F, S 9! PS 0|^.CH£! 5oll*i 

__? 

LiMn204,a|10|^_x|,°^S#g,Si,B,Ti,_-_-^ 
SE&sf _/£/# idg 

E1Sg !__2| ^a|o)|o|| uf£| a|# o|xf °*=f S#_s| SEM 

E2tg _-_si tjAioj 3i b|Ho)|oii *h_l_ ais om xrd nn_# ^h. 

E3S£ ^«£| ^a|o)| sj b|jaofloi| ofa|. all o|*> g#_2) #S L-^tS aell 
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£ 5_- _■ _-£S| £JA|0{j °! uunoflcHI x-ii^sj EL|M 0|^ gx|g. ^#^oj sah- ^EftH n^H. 



Mt&Ol *r*h£r Si n got W3ff?/g 
[ggg 0 [§ gone- BIB o|*f ^ 51 nsj _-go|| a» ass*!. #M\m\£ §M*9 ^ 

s>_ sib _*i^ a ygoii as aoich 

[Bel 7|_-]alB o|x|- _x|_^ o|_-sj e|B|IhB|0| a (intercalation) Si c:| _ 31**11 0|_ (deintercalation)o| 

^ SI °o^S A»«Ka. B^ A^l Oil a|# 0|£°| o| _-0| 7feS #7| _Sfl°!j ££_- _-Ei|Di _6||°Hm 

* o|_-o| Ap| SR SI B^ohaj _e|z}b||o| _/c| _ E|tt40|«| _ ajjsj a*. tt« UB°I s|«HX 

M*IBB_»ch 

o|EH» el|# o|*|- _x|°| ^(anode) sjg _-^o| a^je|7|_1 ^S^h &IB a«B g^o||£- gx| 

3*S § 2-11 S^s| a_oi g =sK>|e (dendrite)^ gx| SI H*l a*_-fi| ?lti£Jo| 21 o|£f iff 

*IIB S«aSr7| fl«KX, SI £PI3 S*l*f_*1 7M3| ©£ £|_-0|£B _^_-0|7)l4 g^g ^ floo), 

2| Afo, o, b^| A | H JS g S g-g 0 | £|B ^Ajfi- Bh^7i| BS<>| BBS £4 _.B| A^£|i 21 cf. 

BIB o|*|- gx|2| °^( ca thode) _. a|g o|£o| a^oi^ SB |^|. 7fe _" g^o| a_i_ftKchalcogenide) 

_-sj°-3. A^sjctj, c||£*jo_,_. LiCo0 2 LiMn 2 0 4 , LiNi0 2 , LiNi 1-x Co x 0 2 (0<X<1), LiMn0 2 §*2| a*f =^ _-SFB0| \ 
fifs|(H Mcf. of=»#l! gLiCoO ' 

2 _- _£o||ah io- 2 -1 S/cmS£S| _7| 3££2+ _*l 2 & nal H 3 ^ ^ S fio| ^ , *ixH Sony- 

OilAj A|^£|IL 21^ C||S^ 0 J ^ ifiOm, 7^0| U|MfCfe ^0| SlU, H# £^*U| ^S^0| ^ 

7^ 5U^. LiNiO 

2 ^ ^ I oh % 210| MfDi, ^2 2^1 ^BN L K ^0| aj2i^ E[S0| 21^. EE 

LiMn 

2 0 4 , LiMn0 2 §ej Mn^l m^o| §o|^n, 2Jto| d|jaq Mfoi, #2 ^1^ S"So| SIcK o|eio|- Mn ^| #1 

e §^o| 5|e aao| 2i°^, a|^12J o^ah ( Mn o| ^^§o S S7| ^#*K g^l *r#*Kelectri. 

vehlcle)s| 3^^°^. xW|q| c|j^ 2^|oi|Ai 7® ^ *fl^ 21 

aBjuj. LiMn 2 0 4 %9\ °yyjn A^& S^IZ}, H^oiJA-l S^^S SQ&^m ^° LiMn 2 0. 

fi^ollAi gsHQijJifoi iftuj-gol o|^ Ssi)0J| ^o|| H 

2 02f LiPF 6 7}- ygSW attfl HF# p| HF7|- ^Tfl of^ irs-go||Ai S^oj| ^Sfe Mn^ g^^Ol Mn0| 

°Jjo^ ^ak>|| 7|o]of 7jo S o|c K o| B| & "ajgog LiMn 

2 0 4 mw^m T^sfe SZ.KMn)o| go|| ^omA-| stm^ol MoU, o|^ ojsH *U|£| ^go| ^^s| 

a±S^K o|e|S sfl^spl ^^oi, ^j^oii^ us| iac+ a?i| s|eo||^ Mn^ll- a^ 

ol, 0|S|S ^F3E0||A) a^o^ ^l^ohOj 2§ §^1^1^ es| in<N^ Sl^K ZL^Lf 0^77h 

S^, B«l ^ §^ ^«o| s*U Mfe ^9o|c+. 



& a-S^ ^is^ilSm sH^spl ^s^Q^Ai,.^ ghgoj jilah^ aj^ 0 |x r ^ S#l 

B £S*| ^rB ^€ SB ^o| ^S BIB o|x r ^x|§ ot^ xflgs^ ^o|cK 



^ ^033 ^ cF# m 7 | a|§ o|^ gx|§ ^ 21^ £IM o|*f 3a|§ ^ 
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a^is- asjs a * op i ^o^, H^oii twsaoi 1-12-. oi^oi_ _.chia) _s|si 

E|l 0\%\ _X|§ 

ULiMn^xM'^IS*^ 2]Li x Mn 1 _ x M' x A 2 [^^ alLiMn^M'^^l W^l 4]Li x Mn 1 _ x M' x 0 2 _ z A z [^^ 5 
LiMn^^yM^M-yAgl^^ 6]Li x Mn 1 _ x _ y M , x M a y A 2 [*fir*| 7]LiMn 2 _ x M , x A 4 [Sf^ 8]Li x Mn 2 _ x M' x 0 4 [^hN 9]LiMn 2 _ 
x M 'x°4-At^^ 10lLi x Mn 2 - x M , x O 4 ^A z [«l-«r^l 11 ]LiMn 2 _ x _ y M , x M" y A 4 [^*l 12]Li x Mn 2 _ x _ y M' x M B y A 4 (^7| ^oijAi 
0.01 < x < 0.1, 0.01 < y < 0.1, 0.01 < z < 0.501*1, M'-E Si, B, Ti, Ga, Ge 3J AIS. 0|^O)_ 5o||AH _e|JE|_. SW 
_-2| ^o|^, Al, Cr, Co, Mg, La, Ce, Sr SJ ViH ol^*! _-o||Ai ^s\^ _0| ££_■ BEH40|H ^ § > 
£ oW o|#o| ^^o|n, A- 0, F, S SI ol^oj^i $o||AH xi^gcr.) 

£ U E ^§ #7| 1-122] g«* X-ilS&fJl; M 7 | S a A >o|_i £9Jj a- ^ -§oj}o^ SgSK 

£PI S^0|H §°Jj HLfc ^*^0| 5|5J £ US _£|a|ft}& S&ofe ^ >4Sf_-0| _*| fi 

1-1221 b\B 4fl o\x\ *jx|§ o*= s^go) xfl 5 ygs xjsftch 

oisi- « re* a^i^tii 

_■ tteoy/H a»» ^ lr#il€- ^3 ^l^o| 7|-3o| x|fl«}o| ^ bis o|*f *jxj tflg gx| ^ot 

^ A r # 7fe£o| LiMn 2 0 4 §2| S^§o|ck ffggs H_ol| 

0| __£|0) a£ D j ) fi}S|4| i 62^ 0|^Oi*l _-0||AH _EJ|fE|_- 3V^ 0|x> *j*l# ^ SEtEr 
Sf*| 7-12S ol^oi^l 5o||Ai ai^£|^ 4V^ all o|x|- *1x|§ ^ M-g© 3E»tW. 

#7| Sf*r^ 1 12 o| s^SS _-_sf7| ^eflAH , aigg, si _-f*b|C||5l S&SW. £P 

IS^u fiB^S oh^^l _|f- 0|xf ^ Xi|3EofeD|| A>gS|_- Oidioh^£ Af«»^ SlH*i 

c|]£3 _ oils* a| a 4o|h^1o|h, oHI^lol^, b]B *io\^mo\e, M£® ^ sm. ^1 ^ i 
o|§, c|^a^o|^ ^ 91c-l. ^°^r Si, B, Ti. Ga, Ge 51 Al^ ol^xj ?o||ah >d^s]^ °|-i 

^2] ^^S^ A^*h - o^cK ^7| 5^2J ^^2J 0.01 U|jX| 10 b^B^^cK M 7 | 

o| ##1J ^^21 0.01 o|°}o|^, ^# s^P I- alDl^oi, 10 £tJ%# ^^fe 3°CH|^ f 

o| s^SS ^ 2101 utitz|*}x| Scf. 

oiH, alfig, ^sf^# ^ ^S2j ^5!§PI flsKX, ojbs, q^s, #, owe §^i»§ D Hi IPM^i 

^H2J gicHS ^77|-x| (solvent-free) ^£ r = Zia^cl StKmortar grinder mixing)!- ^a|» ^5E M^K 

o|2f ^ #^oi xii^si aj#g t ^ZJ- SFSs- SI ^^2| °t 400~ 600 °C ^5E0l|A-i Qx^l^oi § 1? 

(semi crystalline) ^e|s| « a# flsftcj. ^x^| ^£7h 400 °C uog ^gj-e ^Jif a|S ^sj yg 0 | 

^ofx| ^xil^ol 2lcK SEfi £PI 1xf Sx^|e^ xil^Hj °^ 3^1 Zd5EA|^l ^L, =E£ 1X r 

a| 2fS"?o|| Zj^ 57|«-V£9(blowino)«fS4A| of=«g -S^jfl #£oi\M xH^*h(remixing)A|^| E.\m 9€ ■ 

^7 1 £tt»ft ^ 400-60013 ^£Oj|A-1 1*[ flX|B|40| § ^E|S| ot^ «o|s ^ f <£c>i*j 

700~900t: &ESSH0-15A|aSfl-2*Jtt*|a|»^E5ac|'. 1*J Sflal ^£7h400t:^ 
i^-^ 83* all 9^ &>g0| #^^x| ^ottj 2x)- «X1&| ^5E7|- 700EMCJ #^o| §^£|7| c 

§ ^xflxjol 21 c|-. ^7 1 «x^a| ^7| 5E^ £hfc# M^?]ofe(blowing) SZd SW|aH i~5TC/^sj ^5E^ ^1 

Oi AjA|S^ f Z| £*)£| ^£0i|Ai A|^ #o| ^X|*h ^ A^ Ol^O^. 

olojAi, Jil^sj !_ 12 oj sf^i-s. ol^oj^l ZoilA-j Aj^5Ej^ «»»2| ^ D e 'i #^oll>M xJi^*h(remixing)A| ^ a|{ 

t}7|oh agog Ol^Oj^l 5CH|Ai d^l^^ ^ imAMH §°J| 5E^ ^ Sg^. ^7 1 £ 

^n|E|SB f CVD(chemical Vapor Deposition)^ , 9 ^g(dip coating) £ g 2| ^B^AhSS^ 

ol-K 7^ t^*l i&iJ §^o|| g-zL^cpi- Eam^ g Edtggm AfgSfe ^0| UHV3}4dK ^1 

^ ^^Afo|H ^s^oif o| ^s#o|| cflsfoi 1 -10 ^H%o{| sfl^sfe ^^1 SS^ o| • £HfA|^ Xi] £ 

^. ^7 1 ^^o^- Mg, Al, Co, K, Na, Ca, Si, Ti SI V A^fh ^ Mg^ A^4^ 5!0| u^^&fcf. m 7 | ■ 

D|E^ £^ 01|B^ A ^*h ^ o| cK M 7 | ^ ^§9Jj B bW = ^AfO|H(V 
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2 0 5 ) ^#°J|# A^ih ^ 21 cK bfm 3ak>| = ^g Q 4Z o| #oi| c||s}o< 1 -10 #g%o{| «mi ^o|J 

SSfi *, o|* £*a|?i ^ 21 

M 7 | 1 ^£3 ?f^A^|H 5E^ #7| S*SM 1-122] 0|^0)xj 

0||Ai d^SJ^ £ft*#€ <4EH4*I St^°1. £P| fe^h 10 ±3Wfl *U#2] ^7?07|- I 

0|2+^0| g^ o^A[0|H5^ ^ ^«9|0| 9* 120*C 2£o]|A] ^ 5A|a=oja2A|acf. 0| Zl5§? 

>M M)oi| bis go| c-m agists ^sa^. 

g^r °i^A^|H soH 0 | a gg ^Sj-Aj 1-122] 0|^-CH^! ?CH|Ai Ajej<E|- 300-800^ 2-2C 

Stf B*|a|&ch S«B) g^ tt^A^| = ^°jjo| ^ >4Sf#^. g^SjOi, g^ ^#0| 

S0| X-il^Ch 2 3 Oil 8£S A^g §£j c^ji- l^l00nm°J 2JO| U^^cK S^Oil ggs] g^r 4W» §2] * 

7 1- 1nm nlBlOia, iHUlM Jt3p|. □ lalSfQj, 100nm# £3WB, 5|§°J M ° 

o> cK sgofl «AH£j ^ A^s AV 7 | atf Efif g^ S^0|H SO!|o S «e| ^SHS g^2] i 

5££r g^T S^AK>|H S«|°£^E| -B||£J g^oj A^g ^o^ O^^AlcK §3, LiCoO 

2 # M^Dlfe «RAjO| = * *S|B|SteI H^Mfif tt^n|feS| g^ 4W» S!/5E£ »^o|&S| 4»#i 

3 *|aia ^ ##^o| xisgch ci^ gs&aga ##H# °hs« aj 7 | o^ a| §§§ a2E g7| ee£ tf* 

S£?JSfe 2=2 ^Oi|A] 30| bH?|5[c[, 0|HH flft|B| S£7|- 300^MC|- 9 ^ §^0| = 

as*£|*1 e>oo^ o| g^um 2*1 oil sj8«ta a|S o|£°] oi^oi g-8|# ^ am. 

o|s+ ^o|, gj-goj £|g oi^h si-Soil sSS ^g^B HF°+2] y§AH 0 | !-§o|cK ojyjJj££ e 

o|x|- gx|oj ^ SsHS-l Afasm, ^gs] #o| S&£|cH ^ 5E 21^. o|fif ^o| °M 

»S Sstl^oii £^ £|§goj Li PF 

6 3^f °J§^ HF §2] £|dK HF^ ##^o||A-i £go{| ^sfe Mn^ g^SW MnO| ■ 

i! #0|| ^omAj, S1-S0I ^2]£]2, 0|^ ojS^ SX|£| S,t\ H£0\\A-\2l -g 0 | ^^^| A"i^£]^ Op 

^. o| oil qi^oi, £ ^gs| a]# o|^ ^ hfs+2] ^g^o| a&lWI ^g^o| 

ei|^0i|AH a^ce] - HF o^ iffl^Til uhg^ H 

2 SiF 6 ^zr f%%wm MS^&M, mm g^»HF#^MSFH£, MnOj SSflU ^oi| ^| ^ 51 ch 

& ^92| 0|S» £j# 0|^ §g(discharge capacity) 3EZd(High C-rai 

S! S^S2] us sao||A)2] SAHo| ^^cK 

o|«S tfS 2| bh#5|oh^A|ofl °j y|jaofl# 7|^ohdK nam ^7|a ±JA|ofl^ ^ ^gsj d^sj- oj ^a|o||oj ^ ^ t 

0| oF7|o|- AjA|OflOf| ^ S£ (- 7JS ofUlCf. 

(^AlcHj DLiOHS* S*^5| »a c|a A ^|H(Chemical Manganese Dioxide)** ^7|^*|-^ &a q^A^|H(Electrochemi 
Manganese Dioxide) ?J Mn0 2 °J Si0 2 # Li/Mn/Si2] §u|7M .0/1 .97/0.01 0| o|#^ ^Af^-o|| ^° 

Hch A^lLiOH, MnO 

2 ^' Si0 2 2l ^*|A|?|7| ^o^, oj- otoj oi|Bhg # *PM*U S Oil ih*0| 7]2] ^0j3j SffSKlCf. ^ Oj 

450TCO||AH 5A|a §oJ 2^^°H7| ^oi|Ai 1a(- fiflalSW ^ ^e||2| S^JHIfl LiMn 

2 0 4 2] ^l^sracK jflzEa § a}e||o| LiMn 

2 0 4 £im ^SoilAi JHgihsM 2?JSWI &2.M%lc\. ^o\^\ %%mm ^ ^7|# MS^sfe 3EZd &W|a) 

750^2] 12A|Z} §ei 2xh ?|fl£|SfOl ^S^2j LiMn 

1.97Si 0 .0304«^ 3E *rai^- 

fllSS! 10#g% fe£2] AI-^^A^|H §^o|| g-zioj ££(wetting) o| § ^ £h c«7| #o||Ai • 

^ScK OlOjAi, 2H>£Ej ^Ai f o 900 "C, ZjaE ^7| SW|A) l0A|a ^°i?|xl£|# £JA|^Oj SSoil Mn 

xAlyOg ^^(thin film) go| gAHsioj £ ^oj ^ oi m* 0 \ A | 2 o 3 LiM ni 97 Si 0 04 O 4 B«»Ka^. 

S ^^oi| SEM^^ ^to^2, XRD^ TEMH^ S^oj] «AHg s^goij q. 
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o\o\M, 293 LiMn, 97 Si 0 04 O 4 asanas, ^SS: ^ P) 4 f|%, Hhe!c|(5a|H|HaiSS*2ah 

KF-1300) 4 SI ¥°H(N-Q{liHi#ci|£)# £tfft)o| xfls^ach #7| 

E{lo|H «e|]^ ?H^g^oi gRS *il=&sra^. o| °^nf u-S^« c||=©£. °ili£D ^MM|o|H2f qoflli ?H 

0|H2j #7| §o|jol| 1M LiPF 

gauss a^^oj 3a°i « Bfojoj 3 xj# sassrac*. 

(4|A|o| 2)Li/Mn/SiSj ^b|# 1 .0/1 .99/0.03©^ B3A|a x|S|«fjlfe &7| i|A|o| iBf ^SJ^Til £A|sfacK 

(4|A|o| 3)Li/Mn/SiSj 1.0/1.95/0.05S SSA|g Jffi|«Kil£ #7| ±JA|ofl 11} #U*}7| ^H^cK 

(^Ajofl 4)Si0 2 ^doll B 2 0 3 # Li/Mn/BSJ *h|» 1.0/1 .99/0.01S H3A|a #7| AjA|ofl u 

ffl*MI ^A^sacf. 

(ulJulofl 1)LiOH2|- *W3 gfy D|^A^|HSf S7|aW3 ojy q^o|H°! Mn0 2 # Li/Mn^l =H|7h 1/27 1- S§ 

oie« st^ArtWAj sae- s&oi « q^i serosa^, ^ch^ei sb&s 450 row 5 ai^ a3E»«7i m\ 

x[ 9X|B|s}ol s ?J§ 4M2I Hn^fl LiMn 

750*CS] 12A|a Stf 2*h flX|B|8W LiMn 

2 0 4 ^ ^ilssrach x|| LiMn 

o|£f sol 4 £8 £S*0(^S, ^2) P) 4 u^eUEEjulU&IBMfi^olH, yfg: KF-1300: 

SI #oH(N-Dflinjl£ia# SB*K>j ^ o| ee|z|« E|0| = lEfl^ 

x\\3m<*^. oi Li-^^# m^>sL a^h, one a ^mmm^ cjong ^mmioi ^21 ^ « 7) gnHc 

1M LiPF 

6 7h as«Sl A(SSfO) afl g e^oioi Jil^s^cK 

4MB4|a|o|| 12| a-ao S n| 5 sj g«g «^o| SEM AR q # £ 10 || ujEKiach £ 10|| LfEftf tto|, ^A|oi| 12 
x-ilSS ^€ □lij^7F c^7H si oi g^sj ^oj# ^ ^ siod^ Si ^^o| ccf^ ^sfe 2Jo| 

i! ^ sf^sf sf^o^ a|g^oi g^o^n Si^M ^ ^ Si^K ^A|oj 2-421 xil^sj 

SSfil SEM Af£l£ £ m #Afs^| u[e[uo ££i Si7|- alMS SI ^ £f£h#*f ^^o^ H>g^oi 

EE ah, ^A|oi| 1, 4 SI u|jao|| 12| ^g££ xflssj ©#^2] XRD £ 201[ ^e(-lHS1cK £ 20\\ 14^ 5!^ ^ 

^A|ofl 12| ^og f§gs XRD nHS(£E 2S| C )S| 2t 29=25 Z#o\\M Si ^H7^ u^eMH^, 

7F Slf£|CH SIS^ ^ ^ Slcf. SEti-, ^A|o|| 42] ygosi XRD nH@(£ 2Sj b)SJ 2J= 29=43 B#o[\M \ 

B.7[ 4Em£ S( xflsg Bo| s« h £|cH ^ ^ sicK noil b|jnoi! 12| &g2S xfl^sj fh#S^ 

XRD nH!d(£ 2^J a)Sx|^ Si 5E^ B *\3.7[ ^EM^I ^a|o|| 2-32J «igo S g^gs) XRD n«Bj£ £ ; 

^a^WI L4EH40 £ Si xii^sj ##§o|| Si7h s»s|o| % ^ flcj. 

^A|oJ 2 SI a I JH oil 12J ^qo S xfl5S OlSSW A^oijAioj g^g ^ji[ f ^gs^ zl ^nf# 5E 

L4EM5ttcF. 2+2*21 4.3V-3.0V M0\0\\M 0.1C^0.1C(1S1), 0.2C^0.2C(35|), 0.5C^0.5C(1 0SJ), 1C^1C(86 

S S^S a^A|?|oi §«^o^Ai 2x|2j § g 01 -gn ^gs^Dh. fE 30il L-fEftH ?m ?iO|, ^Ajofl 2 SI u l 

12| ^X[^ £^ ^$(201C) Si 1C S3, 1C ^S2j HI 2^!0i|£ §^0| 712| £ ^ xi^f. ^A 

1 , 3-4 SI 4S| ^SSSfl|3Ea #^§21 ^OllAHoj g^g =ah^ ^&S^£5E32f ffA^Tl qEfyoo^ f 

si ic £2, ic ^ ^m\M §aoi 7i2i g§§ ^ ^ ^i^. 

Zl^^ J1^0l|AH2| ^A|Oflo| H ^o^ ^^sj ag 0 | 712] ?i^fX| g£L 

^|2j xii^g ggol ^x^MI ?i^^K 0|^of H^oiiAioi SAH # ^ 0 [M7| flaw, > 

B ^A|0|| 3 SI "lilOil 12| «JgO £ XfliSj *U|2| H^0i|Ai£j ^2f# ZL a^f# £ 4 Oil LfE 

59 cf. 2I2+2I 4.3V-3.0V A^|oi|Ai 0.1C^0. 10(1^1), 0.2C^0.2C(3S|), 0.5C^0.5C(10S1), 10*1C(86£|)^ i 

21 ^^A|7|tt| §^o^Ai £JX|2| fig cy ^SBaOlCf. £ 40|| £A|^ b^2f &0\ , £ ^g2| ^A|ofl 5 

o|§oi-2A|^ n^(50r) SI 1C §2, 1C ^S2| 2§ ^enoiiA-j 86 a^o|# ^o||^ §g 0 | ^ 14.9% i 
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t>l<ZH. ^, §u **IS-o| 86.1%S^K n aiJUofl 1^ o|_-_- _x|_- niS(50Tc) 5! 1C SS, 1C _-gs| 

t saoiixi 86 Mo\m +o\\^ §uoi ^ 29.9% a±*rach = a-oi °t 70.1 %a^. ajaw, _■ 

^_o| gefl _-#_oil u|5W n£ §y H_-(1C §2, 1C s^oi|Ai£ o|§^ i 3° oN 

^£ if ^ Mc*. _*|ofl 1-2, ^go^ xfl^ olSSW as _ A |*f. 

3\ E. 4Sf »AW7| L4EU£o o fii = £ 0 | ^ gl^. 

o^#5i, AjA|ofl 1-3 S! "Ijjiofl 12| gfgog xjj^sj £7| Wtgm n £ soil zfzj- b , c, 

as I4EM31CK 5. soil u^y 54 a0 |, b|j_ofl 1 sj _x| 7( . 2i7| §g§ 7|-_- 314, £ 30U ljekj ^ goi, ; 
o\\Ms\ ^lfio| a±sjH^, gx| ^go| ^a|ojo) 3 x|oi| b|^oi <M ^ SicK o^fi), SiS| S-_=o| §7ff^ 



5._Oi| ^>4SH-#0| gA)_ Spl S**H 1-12S. 0|-.<HS ^Oj|Ai Aj£|j«Ej_. a|# oi^gxis o fe = 

1 jLiMn^M'^I 2]Li x Mn 1 _ x M' x A 2 [^t|-±l alUMn^M'^.^!^*! 4]Li x Mn 1 _ x M' x 0 2 _ 2 A 2 [^^ 5 
LiMn^^yM^M 0 ^!^^ 6]Li x Mn 1 _ x _ y M' x M° y A 2 [^S|-^ 7]LiMn 2 _ x M' x A 4 [^^ 8]Li x Mn 2 _ x M' x 0 4 [£r*M 9]LiMn 2 _ 
x M' x 0 4 . z A 2 [^^ 10]Li x Mn 2 . x M , x O 4 „ z A z [SF^ 1 1 ]LiMn 2 . x ^M , x M" y A 4 [at^ 12]Li x Mn 2 . x _ y M' x M u y A 4 (^7| AJoj|A) 
0.01 < x < 0.1, 0.01 < y < 0.1, 0.01 < 2 < 0.50|oJ, M'€ Si, B, Ti, Ga, Ge Si Al". 0|ipOi_ _-oiJAl Ajq_!_. *M 
avo| ^^o|oi, M"-nr Al, Cr, Co, Mo, La, Ce, Sr 3] 0|^C>i*] ^o\\A-\ Aj^sJ^ _o| _^ 5E_- BEWO|H ^ # 5 
£ SM 0|A}o| n^ 0 | 2) A - 0 Fj s cy o|^OiS ^Oi|Ai Aj^SjcK) 

S^tF2 

1 U-oli SloiAi, m 7 | M g, Al, Co, K, Na, Ca, Si, Ti SI 0|^cH*l ?oi|Ai Ajqs|^ 
alS0|*hg*IS9Si 

^il 1 tKHI 2lO)Ai, M 7 | ^ A^-^cj c=3||- 1 ^lOOnm^j 0|xf & = ^ 

§p| ^Sj-Aj 1H2 o| «d|« Xfl^sm;^7| ^ &fA[0|E §QH cc- ^§q|jo S £§5^;Aj7| 

— ^§ o -i!0| 5|£J iPfu ^ ^#o| sgS 1-122) £| 

7|fl 0|^ SA|§ ot^ ff^oj ^g. 

[Sf*|-A| DLiMn^xM'xAglajSt^l 2]Li x Mn 1 ^ x M , x A 2 [Sf5|- A 4 3]LiMn 1 _ x M , x 0 2 _ 2 A z [*S|-^l 4]Li x Mn 1 _ x M' x 0 2 _ 2 A z [^^ 5 
LiMn 1 _ x _ y M' x M a y A 2 [^^ elL^Mn^^yM^M'^lSf^ 7]LiMn 2 _ x M , x A 4 [3*^ 8]Li x Mn 2 _ x M' x 0 4 [Sf^A] 9]LiMn 2 _ 
x M 'x°4-At^^ ^]l\ x Mn 2 _ x fA i x O A _ 2 A z [^M 1 1 ]LiMn 2 _ x _ y M' x M a y A 4 [£f£|^ 1 2]Li x Mn 2 _ x _ y M' x M 0 y A 4 (y7| m\M 
0.01 < x < 0.1, 0.01 < y < 0.1, 0.01 < z < 0.50|o1, M'-E Si, B, Ti, Ga, Ge S! AIS Ol^cH^I ^o\\M sfuf 
Moj ^^o|oi, m°-E Ai, Cr, Co, Mg, La, Ce, Sr 5! ol^-Oi^j 3:0\\M *\0\ SE£ ^b[l.[o]e. g < 

E. o|a}o| ^ 0)Ili A - 0, F, S ^ 01^-0)5! ^oj|Ai AjE«£jcK) 

All 4 tHH| SICHA^ Ap| «^5.| 5^1 £}± 5hO||A) 300^1 000 *CSJ ^£g. aj A |£|^ ^o| a| 8 0 |^ £ 

aii 4 swi sioiAi, api 2-20Aiz}#ohAj A | ah - g oj £| g 01^ a^i§ ^1^ ^a. 
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